We develop and test the hypothesis that stock price informativeness affects the structure of corporate boards. We find a negative relation between price informativeness and board independence. This finding is robust to the inclusion of many firm-level controls, including firm fixed effects, and to the choice of the measure of price informativeness. Consistent with the hypothesis that price informativeness and board monitoring are substitutes, this relation is particularly strong for firms more exposed to both external and internal governance mechanisms and for firms in which firm-specific knowledge is relatively unimportant. Our results suggest that firms with more informative stock prices have less demanding board structures.
Introduction
The view that prices aggregate information that is dispersed among market participants dates back to Hayek (1945) . The modern version of such an idea is found in the works of Grossman and Stiglitz (1980) and Kyle (1985) , in which the main role of stock markets is the production and aggregation of information as a consequence of trading between speculators and other types of (perhaps less informed) investors. The idea that this type of information can also be useful for the provision of incentives in firms and for the design of corporate governance mechanisms is a more recent one. Holmstrom and Tirole (1993) and Faure-Grimaud and Gromb (2004) examine the role of stock prices in disciplining managers and providing incentives to insiders. A set of related studies exists on the role of stock prices in guiding corporate investment decisions (Khanna, Slezak, and Bradley, 1994; Dow and Gorton, 1997; and Dow, Goldstein, and Guembel, 2007) .
We contribute to this literature by providing robust evidence of a negative relation between stock price informativeness and corporate board independence. Our main proxy for price informativeness is the probability of informed trading (PIN), which is developed in a series of papers beginning with Easley, Kiefer, and O'Hara (1996) . The results are unchanged when we use alternative proxies for the rate of information flow into stock prices, such as firm-specific stock return variation (Morck, Yeung, and Yu, 2000) and measures of illiquidity or price impact of order flow (Amihud, 2002) . We also investigate the relation between price informativeness and additional characteristics of the board of directors. We find that price informativeness is positively related to the number of directors with low attendance at board meetings and negatively related to the number of board meetings. These results are compatible with board monitoring and price informativeness being substitutes.
We show that the negative correlation between price informativeness and board independence remains strong after controlling for a long list of possible covariates. This correlation is not explained by firm size and complexity, performance, governance mechanisms, ownership structure, and earnings informativeness, among others. In fact, the results are unchanged after the inclusion of firm fixed effects, suggesting that time-invariant unobserved firm characteristics cannot explain our empirical findings. This effect is at least as strong as the ones between board independence and other firm-level variables that have been shown in the literature on corporate boards (Boone, Field, Karpoff, and Raheja, 2007; Coles, Daniel, and Naveen, 2008; and Linck, Netter, and Yang, 2008) . Regarding the direction of causality, we use instrumental variables methods to estimate the effect of price informativeness on board independence. As instruments, we use variables that are known to be correlated with price informativeness, such as share turnover, analyst coverage, and Standard & Poor's 500 membership, but have never been used as explanatory variables of board independence in previous studies. Our evidence suggests that price informativeness affects board structure.
We develop a simple adverse selection model that rationalizes the relation between board independence and price informativeness. The goal of the model is to clarify the role of price informativeness in the choice of board structures. We argue that the information revealed by stock prices should affect how directors monitor managers. We identify two mechanisms by which prices can affect monitoring. On the one hand, the information revealed by stock prices allows external monitoring mechanisms to operate more efficiently. For example, if prices fall due to the announcement of value-decreasing investments, the firm becomes a cheaper takeover target. Managers who value control would avoid undertaking such value-destroying projects. Thus, stock markets play an important monitoring role. On the other hand, more informative prices bring new information to both markets and boards. Directors could use the information revealed by stock prices as an input to their monitoring task. Arguably, a better informed board of directors should be a better monitor.
Our model predicts that price informativeness matters for board monitoring, but that the sign of this relation is ambiguous. Changing board structure in the direction preferred by shareholders could be difficult (i.e., costly), especially when ownership is dispersed, in which case coordination costs arise. More informative prices make boards more effective but also reduce the need for board independence. Thus, whether price informativeness and board independence are substitutes or complements is in the end an empirical question.
A parallel segment of the literature focuses on moral hazard models (e.g., Adams and Ferreira, 2007) that lead more naturally to the question of substitutability between board independence and managerial incentives through equity-based compensation (e.g., Coles, Lemmon, and Wang, 2008) . Our focus on adverse selection issues (as in Hermalin and Weisbach, 1998 ) is a natural choice for understanding the role of stock prices in determining board structure. We see the two approaches as complementary. In a simple extension to the model, we introduce moral hazard to study the relation between compensation incentives, board monitoring, and price informativeness.
Our model also has unambiguous predictions that we explore in our empirical analysis. We find that the negative relation between price informativeness and board independence is particularly strong for firms more exposed to both external and internal governance mechanisms. The substitution effect between price informativeness and board independence is stronger for firms more exposed to the market for corporate control (i.e., firms with few takeover defenses). The substitution effect is stronger for firms with a high concentration of institutional ownership and with a high chief executive officer (CEO) pay-performance sensitivity. Intuitively, when prices become more informative, incentive contracts solve moral hazard problems more often, making board monitoring less important. We also find that the substitution effect is stronger for firms in which firmspecific knowledge is relatively unimportant.
Few empirical studies have been conducted on the interaction between different governance mechanisms. Mikkelson and Partch (1997) find evidence consistent with the effectiveness of board oversight being enhanced by an active takeover market. More recent examples include Cremers and Nair (2005) , who find a complementarity effect between openness to the market for corporate control and the presence of institutional investors, and Gillan, Hartzell, and Starks (2006) , who find that an independent board can act as a substitute for the market for corporate control. Coles, Lemmon, and Wang (2008) provide evidence of a substitution effect between board independence and pay-performance sensitivity. Our paper adds to this growing literature by showing that stock price informativeness also affects organization design, in particular, board structure.
Our results are consistent with the notion that the optimal board structure depends on the characteristics of the firm; that is, ''one size'' does not fit all firms. The evidence is consistent with board structure being affected by the degree of complexity of firms' operations and the trade-off between the costs and benefits of advising and monitoring management (Boone, Field, Karpoff, and Raheja, 2007; Coles, Daniel, and Naveen, 2008; and Linck, Netter, and Yang, 2008) .
Our paper is related to the literature on how corporate governance mechanisms affect the public release of information. Warfield, Wild, and Wild (1995) find that managerial ownership improves earnings informativeness. Klein (2002) and Petra (2007) find that more independent boards improve earnings quality and informativeness, while Vafeas (2000) find no such a relation. Leuz, Triantis, and Wang (2008) (see also find that board independence reduces the likelihood of a firm going private after enactment of the 2002 Sarbanes-Oxley Act. Our paper differs from this strand of the literature by studying the interaction between two corporate governance mechanisms (board and market monitoring), instead of the effects of governance on disclosure and earnings informativeness. While earnings informativeness measures the accuracy of accounting information provided to investors, price informativeness measures for the intensity of stock market monitoring.
On the theoretical side, our model integrates two independent lines of research. The first one explains board structure as the result of optimal shareholder choices under incomplete contracts (Hermalin and Weisbach, 1998; Raheja, 2005; and Adams and Ferreira, 2007) . The second one examines the role of stock prices in disciplining managers and providing incentives to insiders (Holmstrom and Tirole, 1993; Faure-Grimaud and Gromb, 2004; Almazan, Banerji, and Motta, 2008; and Edmans, 2009) . To the best of our knowledge, these two strands of the literature have never been integrated.
The remainder of the paper is organized as follows. In Section 2 we present a simple model to motivate the relation between stock price informativeness and board independence. Section 3 describes the sample and the data. Section 4 presents our core evidence on the relation between board independence and stock price informativeness. In Section 5 we further investigate some of the additional implications of the model, and in Section 6 we perform robustness checks. Section 7 concludes.
The model
Using a simple model, we show that a link can exist between the board's monitoring role and the information revealed by stock prices. On the one hand, more informative prices can reinforce the internal monitoring activity performed by the board of directors. On the other hand, higher price informativeness can enhance the effectiveness of external monitoring mechanisms, such as disciplining takeovers. Hence, board independence and price informativeness can interact as either complements or substitutes. We examine this trade-off and discuss the empirical predictions that are tested later in the paper.
In what follows, we take the degree of price informativeness as exogenously given and focus on the optimal choice of board monitoring. We keep the model as simple as possible by focusing only on what is essential for the empirical analysis.
Setup
We model the need for monitoring the CEO in a simple adverse selection setting. In this setup, board monitoring amounts to replacing a low-quality CEO. In Section 2.6, we extend the model to introduce CEO's effort and incentive contracts.
There are three dates (0, 1, and 2) and four types of participants: shareholders, a board of directors, a CEO, and the stock market. Shareholders are risk-neutral agents who care about the market value of the firm, appoint directors to the board, and delegate firm management to the CEO. The sequence of events is as follows.
At date 0, the shareholders choose the composition of the board of directors (i.e., its level of independence i) and hire a CEO whose type is not known by anyone. The value of the firm is equal to t, the talent of its CEO. CEOs can be of two types t 2 fL ¼ 0,H ¼ 1g. For simplicity, we assume that both types are equally likely in the population. The unconditional expected value of the firm when a new CEO is appointed is then 1 2 . The board of directors is characterized by its level of independence i 2 ½0,1. This level i corresponds to the probability that the board monitors and replaces a CEO who is revealed to be of type L at date 1. The choice of board independence is nontrivial because a more independent board is costlier but also generates more monitoring of the CEO. We assume that board independence has an ex ante cost ki 2 =2 to shareholders. This cost can arise due to the fact that dispersed shareholders find it difficult to influence board composition.
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At date 1, the board can learn about the CEO's type from two sources: stock prices or its own assessment. With probability p (which we interpret as the degree of price informativeness), stock prices reveal the CEO's type to everyone. If the CEO is of type L, the board replaces the CEO with probability i. If the board does not replace the CEO when his type is L, an external raider takes over the firm and replaces its CEO with probability t 2 ½0,1, which we interpret as a measure of takeover threat.
With probability (1 Àp), stock prices do not reveal the CEO's type, but the board can unilaterally learn it with probability b. If the board learns that the CEO is of type L, the board replaces the CEO with probability i.
In case the CEO is replaced at date 1 by either the board or an outside raider, his successor is randomly drawn from the population. Thus, conditional on the market or the board being informed and willing to replace the CEO, or both, the firm's expected value is 3 4 . If the CEO's type is not revealed, or if the type is revealed to be H, the CEO is not replaced (i.e., neither the market nor the board is interested in monitoring and replacing the incumbent CEO).
2
At date 2, the value of the firm, which depends on the type of the CEO in charge, is revealed to everyone.
Board independence and price informativeness
The shareholders' problem at date 0 is to maximize the expected value of the firm by choosing the level of monitoring of the board of directors according to 
Assuming an interior solution, the optimal board structure is given by
Proposition 1. The optimal degree of board independence varies with the degree of price informativeness according to
The sign of the relation between board independence and price informativeness is ambiguous, depending on the values of the parameters. This result is explained by the interaction of two effects. The marginal benefit of i conditional on the market being informed is ð1ÀtÞ=4, and the marginal benefit of i conditional on the market not being informed is b=4. Changes in p shift the weights on these two terms. If 1Àt 4b, the marginal value of board independence is higher when the market is informed. An increase in p shifts more weight to the case of the market being informed, increasing the equilibrium level of board monitoring. In this case, price informativeness and board monitoring are complements. If 1Àt ob, the marginal value of board independence is higher when there is no market information. Thus, an increase in p makes board independence marginally less valuable, reducing the equilibrium level of board monitoring. In this case, board independence and price informativeness are substitutes.
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Price informativeness and board monitoring can be complements because price informativeness is a nonrival good that can be used by both insiders and outsiders. 4 Price informativeness and board monitoring can be substitutes because both internal and external monitoring mechanisms perform the same task of disciplining the CEO. Intuitively, the substitution effect is likely to dominate when the probability of takeovers is high and the board's knowledge of firm-specific information is high. Ultimately, finding out which effect dominates is an empirical question.
Takeover threats
More external monitoring makes the substitution effect between price informativeness and board independence stronger. If a disciplining takeover is more likely when the market is informed, there is less need for boards to monitor. Hence, we expect the level of board independence of those firms that are more exposed to the market for corporate control to exhibit higher sensitivity to stock price informativeness. In sum, the substitution effect is unambiguously stronger when takeover threats are more likely.
Proposition 2. The higher is the likelihood of a takeover, the stronger (weaker) is the substitution (complementarity) effect of price informativeness on the choice of board independence:
This prediction can be tested by using takeover defenses as an inverse proxy for the likelihood of takeovers.
Institutional investors
Evidence shows that institutional investors also perform an active role in corporate governance (e.g., Gillan and Starks, 2007) . We interpret parameter k as a measure of how costly internal monitoring is (i.e., the costs to shareholders of changing the board structure). If there is significant institutional ownership concentration, k is likely to be low (Shleifer and Vishny, 1986) .
Proposition 3. The relation between board independence and price informativeness is stronger when the marginal cost of internal monitoring is smaller:
The relation (in absolute values) between board independence and price informativeness is less pronounced when the marginal cost of external monitoring k is higher (i.e., when @i Ã =@p 4 0, then @ 2 i Ã =@p@k o 0, reducing the complementarity effect; and when @i Ã =@p o 0, then @ 2 i Ã = @p@k4 0, reducing the substitution effect). These results suggest that price informativeness significantly affects board independence only when the board can effectively act as an internal monitoring mechanism (low monitoring cost k). Empirically, we use the concentration of institutional investors as a (inverse) proxy for k.
Firm-specific knowledge
The parameter b reflects the board's ability to gather firm-specific information. The model predicts that the effect of b on the relation between board independence and price informativeness is as follows.
Proposition 4. The higher is the probability that the board learns firm-specific information, the stronger (weaker) is the substitution (complementarity) effect of price informativeness on the choice of board independence:
The board should find it harder to acquire firm-specific information in more innovative firms than in firms that undertake simple and well-known projects. According to this interpretation, innovative firms would have low b. This result suggests that the (absolute value of the) effect of price informativeness on board independence is stronger in less innovative firms when there is a substitution effect, but weaker when there is a complementarity effect. Empirically, we use research and development expenditures as a (inverse) proxy for b.
An extension: effort and incentive compensation
To analyze the impact of CEO compensation contracts on the relation between price informativeness and board monitoring, we now add moral hazard elements to the model. Specifically, we assume that the market value of the firm (gross of CEO compensation) is given by
where t 2 f0,1g is the CEO's talent as before, e 2 ½0,1Þ is the effort exerted by the CEO, and e $ Nð0,s 2 Þ is luck. Effort choices are made after date 1 and before firm value is publicly revealed at date 2.
We continue to assume that prices are fully informative about firm fundamentals with probability p and that prices are not informative with probability 1 À p. In this setup, informative prices allow one to break down v into its components (i.e., talent t and effort e are perfectly observable). If prices are not informative, only v can be observed. In this case, we also assume that s 2 ¼ 1 to guarantee that no information can be inferred from prices.
As in the case of pure adverse selection, informed monitoring by either the board or the market can discipline managers by firing those with low talent and those who exert low levels of effort. If prices are informative, both the board and the market observe effort choice e and fire the CEO with combined probability i þtÀit if the first-best level of effort e FB is not chosen. 5 In case there is no monitoring (which happens with probability 1ÀiÀt þ it), the firm can offer a compensation contract to the CEO that is contingent on his type and on firm value w(v,t). Compensation contracts can induce CEO effort and substitute for direct monitoring when boards are unwilling to monitor or when the takeover market is ineffective. Even if prices are not informative, the board can be informed (with probability b) and fire the CEO if the firstbest level of effort e FB is not chosen (with probability i).
However, if the board is uninformed or if it is informed but does not monitor, contracts contingent on v cannot induce CEO effort because of the assumption that s 2 ¼ 1. We assume that the compensation contract is linear in v À t:
Because compensation contracts are written only when prices are informative, the firm offers different contracts to CEOs of different types t.
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We assume that the CEO has a (Bernoulli) utility function (defined over wealth and effort) with constant absolute risk-aversion coefficient of one:
When prices are informative but there is no monitoring, the firm chooses an optimal compensation contract (that is, a fixed transfer a and a bonus d) for the CEO.
Formally, the problem is to
subject to the incentive compatibility (IC) constraint
and to the individual rationality (IR) constraint
where U 0 is the CEO's expected outside utility (we assume that U 0 = À 1 for simplicity).
In the standard linear contracts setup, we can rewrite the IC constraint in certainty equivalent form
Because the objective function is strictly concave, the CEO's chosen level of effort is given by the first-order condition, which implies e Ã ¼ d.
5 Because effort is observable when prices are informative or when the board is informed, the board only needs to threaten to fire a CEO in case he does not choose e FB . We assume that this threat is credible.
(footnote continued) Therefore, in equilibrium the CEO always chooses e FB when the board monitors and the board never fires the CEO for low effort. 6 Holmstrom and Milgrom (1987) rationalize the use of linear contracts in environments similar to this one, in a continuous-time dynamic moral hazard setup. However, in a static world these linear contracts are usually not optimal (e.g., Bolton and Dewatripont, 2005) . In line with many other applications, we use the linear contracts setup only for tractability and simplicity.
We can also rewrite the IR constraint in certaintyequivalent form. Because the fixed transfer a does not enter the IC constraint, the IR constraint must be binding, implying that
After replacing e * and a in the firm's maximization problem, the optimal compensation contract is given by
The expected value of the firm (net of the effect of talent t and of compensation) when an incentive contract is used is given by
When either the board or the market is informed and monitors the CEO, the first best level of effort e FB =1 is implemented and the CEO receives a flat wage of w FB ¼ 
The optimal board independence is now given by
which is virtually identical to Eq. (2) except for the added benefit of board monitoring on inducing effort and for the impact of the pay-performance sensitivity parameter d Ã on board independence. As before, the impact of price informativeness on board independence is ambiguous: Proposition 5. The optimal degree of board independence varies with pay-performance sensitivity according to
Board independence and incentive compensation are substitutes. This is not a novel implication of our model. It has been shown in a number of papers (Denis and Sarin, 1999; Shivdasani and Yermack, 1999; Coles, Daniel, and Naveen, 2008; and Coles, Lemmon, and Wang, 2008) . The novel result that our model delivers is given by Proposition 6.
Proposition 6. The higher is pay-performance sensitivity, the stronger (weaker) is the substitution (complementarity) effect of price informativeness on the choice of board independence:
Intuitively, when prices become more informative, incentive contracts solve moral hazard problems more often, making board monitoring less important. Another way to understand the intuition behind this result is to consider a situation in which moral hazard exists but the firm is constrained to use flat compensation contracts (i.e., d ¼ 0). In such a case, firms cannot pay for performance, and a change in price informativeness leads to a lower adjustment in board independence compared with a case in which both governance mechanisms (board independence and incentive contracts) are available. Formally,
This expression indicates that there is a more pronounced substitution effect between i and p when firms are allowed to choose pay-performance sensitivity d
optimally.
Sample and variables
In this section, we describe the measures of board structure and price informativeness, the sample, and the control variables used in this study.
Measures and determinants of board structure
Our main dependent variable is the fraction of independent directors, which is a proxy for the monitoring intensity of the board. For a director to qualify as independent, he must not be an employee, a former executive, or a relative of a current corporate executive of the company. In addition, the director must not have any business relations with the company.
In Section 6.3, we also consider other board structure variables. As alternative proxies for the monitoring activity performed by the board of directors, we use the annual number of regular board meetings and the fraction of directors with low attendance.
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To identify the effect of price informativeness on the structure of corporate boards, we need to control for other possible determinants of board structure. The literature provides many suggestions in this regard (Boone, Field, Karpoff, and Raheja, 2007; Coles, Daniel, and Naveen, 2008; and Linck, Netter, and Yang, 2008) . Our goal in this paper is not to replicate these works, but rather to make sure that our results are not driven by the omission of variables that have been found to correlate with board structure. The determinants of board structure can be classified into three broadly defined hypotheses: the scope of operations hypothesis, the monitoring hypothesis, and the negotiation hypothesis.
The scope of operations hypothesis suggests that the size and complexity of a firm's operations affect its board structure (Fama and Jensen, 1983) . As a firm grows and diversifies, it faces an increasing demand for specialized board members who can perform tasks such as auditing and setting managerial compensation. Under this hypothesis, more complex firms face larger agency costs and thus require additional board monitoring.
We consider three proxies to capture firms' operational complexity: firm size (as measured by equity market capitalization), firm age (the number of years since the firm's stock is exchange-listed), and the number of business segments. We expect larger, older, and more diversified firms to have a higher fraction of independent directors. We also add leverage to this list, because Coles, Daniel, and Naveen (2008) argue that more leveraged firms are more dependent on external resources and thus leverage can be considered as a proxy for firm complexity and the CEO's need for advice.
The monitoring hypothesis is the set of formal and informal theories emphasizing the importance of a firm's business environment for the optimal design of its board structure (e.g., Demsetz and Lehn, 1985; Raheja, 2005; and Adams and Ferreira, 2007) . We use several variables to capture some of the elements of these theories. To control for the costs of outside monitoring, we use growth opportunities as proxied by the market-to-book ratio and R&D expenditures, stock price volatility as proxied by the variance of stock returns, and CEO pay-performance sensitivity as proxied by stock and stock options ownership. We also consider free cash flow, profitability, and industry concentration, because these variables are possibly related to agency conflicts and other opportunities for the CEO to extract private benefits. Similarly, we include as controls several of the takeover defenses in a firm's charter. We control for staggered boards, poison pills, cumulative voting, and supermajority provisions, which have been identified as the most important takeover impediments (Gillan, Hartzell, and Starks, 2006; and Larcker, Richardson, and Tuna, 2007). 8 Finally, the negotiation hypothesis emphasizes the role of the negotiation between the CEO and outside directors as an important determinant of board composition (Hermalin and Weisbach, 1998) . We include two measures of CEO influence: CEO's tenure and pay-performance sensitivity (PPS).
We introduce institutional ownership variables as additional controls in our empirical specifications. Because the trading activity of large institutional investors can have a direct effect on the rate of information flow into stock prices, we expect institutional ownership to correlate with price informativeness. There is also evidence that institutional investors perform an active role in corporate governance (Gillan and Starks, 2007) . Institutional investors are expected to have more influence when they are large shareholders, because they have easier access to board members and benefit from economies of scale in monitoring activities (Carleton, Nelson, and Weisbach, 1998) . Thus, we consider the concentration of institutional ownership as measured by the Herfindahl index as in Hartzell and Starks (2003) . We also control for the total institutional ownership (defined as the percentage of shares outstanding held by institutions). 
Measures of price informativeness
Our primary measure of stock price informativeness is the probability of informed trading (PIN) developed by Easley, Kiefer, and O'Hara (1996) . This measure is based on a structural market microstructure model, in which trades come from either noise traders or informed traders. The trading process is modeled in the following way. At the beginning of each day, there is a probability l that some traders acquire new (private) information about the fundamental value of the firm. Trading orders arrive throughout the day according to three different Poisson distributions: Informed orders come in at the average rate m, uninformed buy orders come in at the rate e b , and uninformed sell orders come in at the rate e s . The probability 7 We interpret low attendance to board meeting as indicating less monitoring. For some firms, low attendance could be optimal because less monitoring is needed. 8 We also include other important takeover defenses in the regressions (results not tabulated): blank check preferred, fair price provision, limitation of shareholders' ability to call a special meeting, limit to shareholders' action by written consent, and unequal voting rights. None of these takeover defenses displays statistically significant effects on board independence.
9 Some of the literature discusses whether some types of institutions specialize in monitoring and activism instead of trading. Research by Chen, Harford, and Li (2007) shows that ''independent'' institutions (mutual fund managers and investment advisers) are effective monitors, while ''grey'' institutions (bank trusts, insurance companies, and other institutions) are not. Independent institutions tend to be ''pressureresistant,'' while grey institutions tend to be ''pressure-sensitive'' or loyal to corporate management. For example, Brickley, Lease, and Smith (1988) find that banks and insurance companies are more supportive of antitakeover amendment proposals than other types of institutional investors.
that the opening trade of the day is information-based is given by
Easley, Hvidkjaer, and O'Hara (2002) use intra-day transaction data to estimate the above parameters and thus the probability of informed trading in a stock. PIN should be low for stocks with little fluctuation in their daily buy and sell orders, which are more likely to come from liquidity or noise trading. Likewise, PIN should be high for stocks that display frequent large deviations from their normal order flows.
Previous empirical work generally supports the use of PIN as a valid measure of the probability of informed trading and a proxy for stock price informativeness. Easley, Hvidkjaer, and O'Hara (2002) find that the risk of private information trading is priced, i.e., stocks with higher PIN have higher expected returns.
10 Vega (2006) shows that stocks with higher PIN have smaller reactions following an earnings announcement, which is consistent with the idea that their prices incorporate more private information and track their fundamental values more closely. PIN also seems to be related to managerial decisions. Chen, Goldstein, and Jiang (2007) find a positive relation between PIN and the sensitivity of firm investment to stock prices, which supports the hypothesis that managers learn from the private information incorporated into stock prices. Ferreira and Laux (2007) find a positive relation between strong corporate governance (few takeover defenses) and PIN, suggesting that strong shareholder protection induces private information collection and trading by informed market participants. Although we use PIN as our main proxy for the rate of information flow into stock prices, we acknowledge that this measure is imperfect. PIN might capture some illiquidity effects that are not related to private information.
11 Nevertheless, it is important to keep in mind that there is no reason to believe that measurement error in PIN can explain our findings. If anything, it makes it harder to detect any underlying relation between the latent variables.
As an alternative to PIN, we also consider other price informativeness variables to corroborate our interpretation of the results. We first consider firm-specific stock return variation. French and Roll (1986) and Roll (1988) show that a significant portion of stock return variation is not explained by market movements. They suggest that firm-specific return variation measures the rate of private information incorporation into prices via trading. Although both uninformed trading and trading on the basis of public information can in principle explain firmspecific return variation, considerable empirical evidence supports the use of firm-specific return variation as a measure of the rate of information flow into stock prices.
High levels of firm-specific return variation are associated with more efficient capital allocation (Durnev, Morck, and Yeung, 2004) and with more information about future earnings embedded in stock prices (Durnev, Morck, Yeung, and Zarowin, 2003) . 12 We estimate annual firm-specific return variation by regressing stock returns on the three factors from the Fama-French model. For each firm-year, firm-specific return variation is estimated by 1 À R 2 from the regression
using daily return data, where r it is the return of stock i in day t in excess of the risk-free rate, RM t is the valueweighted excess market return, SMB t is the small-minusbig size factor return, and HML t is the high-minus-low book-to-market factor return. 13 We conduct our tests using a logistic transformation of 1 ÀR 2 :
The variable C measures firm-specific stock return variation relative to market-wide variation or lack of synchronicity with the market.
14 Finally, as an alternative measure of price informativeness, we use the illiquidity ratio of Amihud (2002) . This measure is defined as the annual average of the daily ratio between a stock's absolute return and its dollar volume (multiplied by 10 6 ):
where D i is the annual number of valid observation days for stock i and VOLD it is the dollar volume of stock i on day t. The illiquidity ratio gives the absolute (percentage) price change per dollar of daily trading volume and proxies for the price impact of order flow. The magnitude of the price impact should be a positive function of the perceived amount of informed trading on a stock (Kyle, 1985) , although illiquidity also reflects the inventory costs associated with trading a given order size.
Sample
We start with firms in the Investor Responsibility Research Center (IRRC) database between 1990 and 2001. 15 The IRRC database contains detailed information 10 See Mohanram and Rajgopal (2009) for a critique of this finding. 11 A recent paper by Duarte and Young (2009) suggests that the relation between PIN and expected returns is explained by the fact that PIN is also a proxy for illiquidity that is not related to private information.
12 Cross-country patterns of firm-specific return variation also correspond to likely patterns of price informativeness. Morck, Yeung, and Yu (2000) and Jin and Myers (2006) find high firm-specific stock return variation in developed markets, but low firm-specific return variation in emerging markets. 13 The daily returns for the small-minus-big (SMB) and high-minus- on governance and director characteristics for a large number of US firms. We obtain board data for these firms from Compact Disclosure for the 1990-1995 period and from IRRC for the 1996-2001 period. 16 We exclude financial firms (standard industrial classification codes 6000-6999). After these adjustments the number of firms in the sample is 2,188. Next we merge the IRRC database with the probability of informed trading for each firmyear, based on data from Easley, Hvidkjaer, and O'Hara (2002) . 17 The final sample contains 1,443 firms and a total of 9,447 firm-year observations. We obtain financial and segment data from Compustat and stock returns and turnover data from Center for Research in Security Prices. The governance index of Gompers, Ishii, and Metrick (2003) (GIM), individual takeover defenses, and board attendance are from the IRRC database. We obtain data on institutional holdings and the number of analysts covering each firm from Thomson CDA/Spectrum Institutional 13F Holdings and Institutional Brokers' Estimate System. Blockholder ownership is based on data from Dlugosz, Fahlenbrach, Gompers, and Metrick (2006) . Finally, we obtain additional director characteristics such as CEO stock and stock options ownership, CEO tenure, and number of board meetings from ExecuComp. We compute a measure of CEO pay-performance sensitivity that includes the effects of stock ownership and existing and newly granted stock options. For stock ownership, we compute PPS as the number of shares held by the CEO divided by the number of shares outstanding. For stock options, we compute PPS as the option delta from the Black-Scholes option-pricing model multiplied by the ratio of the number of shares held to shares outstanding. We winsorize all variables at the bottom and top 1% level. Table A1 in the Appendix defines in detail the variables used in this study and lists their sources. Table 1 presents descriptive statistics of our data. The median fraction of independent directors is 0.778 and the median PIN is 0.154. These statistics (and others in Table 1 ) are comparable to those in other studies (e.g., Easley, Hvidkjaer, and O'Hara, 2002; and Coles, Daniel, and Naveen, 2008) . Fig. 1 presents a visual summary of the relation between board independence and PIN. We first sort firms into quintile portfolios ranked by PIN. We then calculate the average board independence within each portfolio. The main finding in this paper is clear from the figure: The average board independence for the lowest PIN (low market monitoring) portfolio (Q1) is greater than the one for the highest PIN (high market monitoring) portfolio (Q5). The low-PIN portfolio displays board independence of about 80%, and the corresponding figure for the high-PIN portfolio is about 70%. The 10 percentage point difference between the two extreme quintile portfolios (i.e., one director for an average board size of ten) is statistically significant (t-statistic of 22.1). Moreover, all intermediate PIN portfolios display lower board independence than the low-PIN portfolio. The economic effect of PIN on board independence is sizable if compared with the analogous effects of other well-known determinants of board structure. Table 2 presents the outcome of several ordinary least squares (OLS) panel regressions, where the dependent variable y is a logistic transformation (or the log odds ratio) of the fraction of independent directors z (i.e., y=ln (z/1 Àz)). We use a logistic transformation because the fraction of independent directors is bounded between zero and one. Our explanatory variable of interest is PIN. All regressions include industry (two-digit SIC) and year dummy variables. All reported t-statistics are adjusted for heteroskedasticity and within-firm correlation using clustered standard errors. In addition, the inclusion of year dummies accounts for some forms of cross-sectional dependence.
Main evidence
Column 1 presents the coefficients of a regression of the fraction of independent directors on PIN. There is strong evidence of a negative and statistically significant relation. The PIN coefficient is À 3.1376, with a t-statistic of À 13.60.
Controlling for other firm characteristics does not change this result qualitatively. Column 2 presents estimates for a specification that does not include PPS and tenure as controls because these variables are not available for the 1990-1991 period. The PIN coefficient is À1.9860 with a t-statistic of À 7.76. In Column 3 we add PPS and tenure as controls, but the PIN estimate and t-statistic are barely affected. Overall, we find that the probability of informed trading displays a significant negative relation with board independence.
With respect to the other explanatory variables, we find that leverage, firm age, and the number of business segments are all positively and significantly related to board independence. Firm size enters with a positive but insignificant coefficient (at the 5% level) in the majority of specifications. These findings are consistent with the scope of the operations hypothesis that more complex firms require more independent boards.
Consistent with the findings of Boone, Field, Karpoff, and Raheja (2007) and Coles, Daniel, and Naveen (2008) , we find no statistically significant relations between board independence and market-to-book ratio, R&D expenditures, return on assets, free cash flow, and stock return variance. In contrast, we find that the coefficients of PPS and tenure are both negative and statistically significant, which is consistent with the suggestion of Hermalin and Weisbach (1998) that board structure is influenced by the negotiations between CEOs and outside directors. The evidence indicates that board independence is negatively related to the degree of CEO influence. 16 We thank Tina Yang for helping us with the Compact Disclosure board data. While IRRC provides detailed information on affiliation of directors, Compact Disclosure identifies only whether the director is an officer of the firm. Thus, board composition is described only in terms of the percentage of executive directors (insiders or officers) and nonexecutive directors on the board. In the robustness section, we report results using only IRRC data. 17 The estimates of PIN are obtained from Soeren Hvidkjaer's website: http://www.smith.umd.edu/faculty/hvidkjaer/data.htm.
In particular, the negative and significant coefficient of PPS is consistent with board independence and managerial ownership being substitutes, as in Denis and Sarin (1999) , Shivdasani and Yermack (1999) , Coles, Daniel, and Naveen (2008) , and Coles, Lemmon, and Wang (2008) .
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Our model also predicts a negative relation between PPS and board independence (see Proposition 5). The effect of PIN on board independence is economically significant if compared with the effects of other important board structure determinants. Using the specification in Column 3, a one standard deviation increase in PIN reduces board independence by roughly 2 percentage points (at the averages of the data). If we perform the same experiment with the other variables that also enter significantly in the regression, we obtain effects of 1.2 percentage points for increasing leverage by one standard deviation, 2.2 percentage points for increasing firm age, 1.2 percentage points for increasing the number of business segments, and À1.6 percentage points for increasing PPS.
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In Columns 4-5 we control for takeover defenses, total institutional ownership, and institutional ownership concentration. The staggered board, poison pill, and cumulative voting coefficients are positive and statistically significant, which is consistent with the idea that board independence is higher in firms that are insulated from the market for corporate control (Gillan, Hartzell, and Starks, 2006) . The institutional ownership variables are not significantly related to board independence. 18 Others, however, have found a positive relation between insider ownership and board independence (Ryan and Wiggins, 2004; and Davila and Penalva, 2006) . 19 Coles, Lemmon, and Wang (2008) find quantitatively stronger effects of PPS on board structure in a structural model estimation. Our reduced-form approach is bound to be less efficient. We are able to produce qualitatively similar results, but the magnitudes of the effects are smaller. In summary, we find that the probability of informed trading displays a statistically and economically significant negative relation with board independence. This relation is robust to the inclusion of many variables that are likely to correlate with board independence.
Interpreting the relation between board independence and the probability of informed trading
In Section 4, we find evidence of a negative relation between board independence and the probability of informed trading. Our findings suggest that when more information flows to the market (via trading on private information), firms tend to choose less independent boards. The interpretation is that when stock prices are more revealing, the stock market is a substitute for the monitoring role of corporate boards. In this section, we present additional results that strengthen this interpretation by investigating whether the relation between price informativeness and board independence is heterogeneous across groups of firms in the way predicted by our model.
Takeover defenses
If a firm adopts a large number of takeover defenses, it might become partially insulated from the market for corporate control (Field and Karpoff, 2002; and Masulis, Wang, and Xie, 2007) . In such cases, the takeover market cannot play an effective disciplinary role. Our hypothesis is that the trade-off between board independence and price informativeness is more relevant when there are few takeover defenses. This is implied by Proposition 2.
We use the governance index of Gompers, Ishii, and Metrick (2003) as a proxy for the number of takeover defenses a firm has in place. Column 1 of Table 3 presents the results of a regression that includes an interaction between PIN and a dummy variable that takes the value of one if a firm has a GIM index above the median in our sample (10 takeover defenses) and zero otherwise. In the specifications of Table 3 we use the same set of control variables as in Column 5 of Table 2 (coefficients not shown).
We find that the interaction variable (PIN Â GIM dummy) coefficient is positive and significant, while the PIN coefficient remains negative and significant. Table 3 Board independence and probability of informed trading: the role of takeover defenses, institutional ownership, firm-specific knowledge, payperformance sensitivity, and stock performance.
Estimates of ordinary least squares panel regressions of the logistic transformed fraction of independent directors are shown. GIM dummy takes the value of one if a firm has a governance index (GIM) above the median. Poison pill dummy takes the value of one if a firm has a poison pill provision. Institutional Herfindahl dummy takes the value of one if a firm has institutional ownership above the median. R&D dummy takes the value of one if a firm has research and development expenditures to assets ratio above the 80th percentile. PPS dummy takes the value of one if a firm has chief executive officer pay-performance sensitivity above the median. Stock return (absolute) dummy takes the value of one if a firm has absolute abnormal stock return above the 80th percentile. Refer to Table A1 Table 2 and industry and year dummies. Robust t-statistics adjusted for firm-level clustering are in parentheses.
Variable
(1) (2) (3) (4) (5) (6)
Probability of informed trading (PIN The interpretation is that the negative relation between board independence and PIN is stronger for low GIM firms. We use alternatively an interaction variable between PIN and a particularly important takeover defense: the poison pill. Brickley, Coles, and Terry (1994) show that takeover outcomes are affected by poison pill provisions and outside directors. We find that the coefficient on this interaction variable is positive and significant, while the PIN coefficient remains negative and significant (see Column 2 of Table 3 ). We conclude that the market for corporate control has an important role to play in shaping the relation between board independence and price informativeness. Price informativeness can substitute for independent directors only when the firm is open to the market for corporate control. This finding is consistent with the evidence provided by Gillan, Hartzell, and Starks (2006) , who show that if a disciplining takeover is more likely, then there is less need for board monitoring.
Institutional ownership concentration
If our theory is correct, shareholders should frequently intervene to change the board structure in response to exogenous changes in price informativeness. 20 Our theory is thus less plausible in dispersed ownership structures in which shareholders have no incentives to engage in activism. Unlike individual investors, institutional investors (especially if they hold large blocks of stock) could have a clear incentive to maximize firm value by changing board structure whenever necessary. Our hypothesis is that the trade-off between board independence and price informativeness is more relevant when there are large shareholders or when there is a higher concentration of institutional ownership. This is implied by Proposition 3. Column 3 of Table 3 presents the results of a regression that includes an interaction between PIN and an institutional ownership concentration dummy that takes the value of one for firms whose institutional Herfindahl index is above the median in our sample and zero otherwise. The interaction variable is negative and statistically significant, i.e., PIN is more strongly negatively related to board independence for those firms with a high concentration of institutional ownership. 21 These results suggest that price informativeness is a more effective substitute for internal monitoring by the board when large institutional shareholders supervise the board themselves. Without a substantial concentration of institutional ownership, perhaps the board plays only a minor role. In such cases, it would be natural to find a weaker relation between board independence and stock price informativeness.
Firm-specific knowledge
When firm-specific knowledge is important, a board that is too independent could fail to obtain crucial information. The idea is simply that CEOs and inside directors possess more firm-specific knowledge than outside directors. We thus expect that costs associated with the acquisition of firm-specific knowledge can affect the relation between board structure and price informativeness. Specifically, if stock markets can substitute for corporate boards as monitors of management, we expect to find a stronger negative relation between board independence and price informativeness when firmspecific knowledge is less important. This hypothesis is formally derived in Proposition 4.
Measuring firm-specific knowledge is a difficult task. Following Coles, Daniel, and Naveen (2008) , we use R&D expenditures as a proxy for the importance of firmspecific knowledge. If the kind of information that market prices convey cannot substitute for the knowledge that insiders possess, the substitution effect should be weaker for firms with high R&D.
Column 4 of Table 3 presents the results of a regression that includes an interaction between PIN and a dummy variable that takes the value of one for firms whose ratio of R&D expenditures to assets is above the 80th percentile. 22 The evidence shows that the negative relation between board independence and PIN is more pronounced in low R&D firms. This evidence is consistent with the hypothesis that when firm-specific knowledge is less important, the private information revealed by stock prices can substitute for the monitoring role of corporate boards.
Pay-performance sensitivity
Executive compensation plans can help to align the interests of managers with those of shareholders. Previous models on the monitoring role of stock prices (Holmstrom and Tirole, 1993; and Coles, Lemmon, and Wang, 2008) have focused on executive compensation as the main mechanism through which stock prices discipline managers. Thus, we expect to find a stronger relation between price informativeness and board independence in firms in which pay-performance sensitivity of CEO compensation contracts is high. This is implied by Proposition 6.
Column 5 of Table 3 presents the results of a regression that includes an interaction between PIN and a PPS dummy that takes the value of one for firms whose PPS is above the median in our sample. We find a negative and statistically significant interaction variable coefficient. The PIN coefficient remains negative and significant. These results suggest that price informativeness is a more effective substitute for internal monitoring by the board when managerial incentives are closely tied to shareholder value. 20 See Karpoff (2001) and Gillan and Starks (2007) for a summary of the evidence on shareholder activism and governance structure. The evidence suggests that active shareholders do affect governance structures, although the effect of activism on firm performance is not clear-cut. 21 Results (not tabulated) show consistent findings if we use the institutional Herfindahl index as an interaction term, instead of the high institutional Herfindahl dummy. 
Extreme stock performance
We investigate whether corporate boards matter more during certain periods. Independent boards seem to be particularly effective in performing specific tasks, such as hiring and firing the CEO (Weisbach, 1988; and Borokhovich, Parrino, and Trapani, 1996) , adopting takeover defenses (Brickley, Coles, and Terry, 1994) , and negotiating takeovers (Cotter, Shivdasani, and Zenner, 1997) . We proxy for these special circumstances using abnormal stock returns. Abnormal stock returns are calculated as a firm's stock return minus the value-weighted market return. The idea is that a firm's stock price is likely to display sharp falls or rises during these events. Column 6 of Table 3 presents the results of a regression that includes an interaction between PIN and an absolute abnormal stock return dummy that takes the value of one for firms whose absolute abnormal return is above the 80th percentile. The coefficient on the interaction variable is negative and statistically significant, suggesting that the negative relation between price informativeness and board independence is more pronounced during periods of extreme stock performance. Consistent with the hypothesis that board composition is more likely to change during crises and other exceptional events, the absolute abnormal stock return coefficient is positive but statistically weak.
Finally, in Column 7 we include all interactions jointly. The results confirm the previous findings with the exception of the R&D interaction term that becomes insignificant.
Robustness
In this section, we check the robustness of our main results. We first present several alternative estimation methods, which address several concerns with our estimates, such as omitted variables, reverse causality, and measurement errors. We then present results using alternative measures of price informativeness and additional board-related variables. In the final subsection, we present other robustness checks such as different samples and additional control variables.
Endogeneity: omitted variables and reverse causality
Endogeneity problems are ubiquitous in empirical research on corporate governance. In our setting, there could be many reasons for board structure and price informativeness to be jointly determined.
We first address the potential endogeneity problems using firm fixed effects methods that control for unobserved sources of firm heterogeneity. Fixed effects methods solve joint determination problems in which an unobserved time-invariant variable simultaneously determines both PIN and board independence. It is also equivalent to looking only at within-firm changes in PIN.
Columns 1 and 2 of Table 4 present the firm fixed effects estimates (with t-statistics adjusted for firm-level clustering). There is still evidence of a negative relation between board independence and PIN. In Column 2, the estimate of the PIN coefficient is À0.5755 with a significant t-statistic of À 2.88.
The fixed effects results go a long way toward dismissing omitted variables explanations as sources of endogeneity. Because only the effects of within-firm changes in board independence are taken into account, firm-specific omitted variables cannot explain the observed relation between PIN and board independence. An issue here is whether there is enough variation in PIN and board independence over time so that one can estimate this relation with precision. The short answer is yes. Although t-statistics are lower, suggesting a lower precision in the estimates, they are still high by traditional standards.
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Another approach to address endogeneity concerns is to use lagged PIN as an explanatory variable. Columns 3 and 4 of Table 4 present the results of these estimations, confirming a negative relation between board independence and PIN.
We also use two-stage least squares (2SLS) address the potential endogeneity of PIN. Two-stage least squares methods allow us to address omitted variables and reverse causality issues simultaneously. The caveat is that, unlike the fixed effects method, it requires stronger assumptions that are usually not possible to test for. Under standard identification assumptions, we apply 2SLS methods to isolate the effect of PIN on board independence. To this end, we need instruments for PIN: a variable that is correlated with PIN (this assumption can be tested), but uncorrelated with board structure except indirectly through other independent variables. That is, the instrument should be a variable that can be excluded from the original list of control variables without affecting the results. This last requirement cannot be tested by statistical methods. It is, in the end, an act of faith.
We use analyst coverage, share turnover, and S&P 500 membership as instruments. Easley, O'Hara, and Paperman (1998) suggest that analysts can turn private information into public information and do not have significant firm-specific information. Analysts can attract additional uninformed order flow to a stock, an effect that would also reduce PIN. Empirical evidence seems to support a negative relation between price informativeness and analyst coverage (Piotroski and Roulstone, 2004; and Chan and Hameed, 2006) . Share turnover is also likely to be negatively related to PIN, again consistent with the notion that stocks with greater trading activity tend to have more uninformed order flow (Easley, Hvidkjaer, and O'Hara, 2002) . We use as an additional instrument a dummy variable that takes the value of one if a stock is included in the S&P 500 index as these firms tend to attract more investor attention (Denis, McConnell, Ovtchinnikov, and Yu, 2003) . Thus, our instruments have 23 The idea that board structure does not change much over time could be more a myth than reality. Cicero, Wintoki, and Yang (2008) find that two-thirds of the firms in their sample change either board size or independence during a two-year period. They also find that firms close 63% of the gap between their actual and target board independence over a two-year period. been found to be significantly correlated with price informativeness but have never been used as explanatory variables of board independence in previous studies. We report results using all three instruments jointly.
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Columns 1 and 2 of Table 5 present the results of the first stage regressions that use PIN as the dependent variable. The results support the conclusion that analyst coverage and share turnover are negatively and significantly related to PIN, and the S&P 500 membership dummy is positively related to PIN. F-tests that the instruments can be excluded from the first-stage regressions are strongly rejected (F-statistics are 24.47 and 10.8 in Columns 1 and 2). We conclude that our instruments are associated with PIN and that our specifications do not suffer from weak instruments concerns.
Columns 3 and 4 of Table 5 present the coefficients of the second-stage regression that uses board independence as the dependent variable. There is still evidence of a negative relation between board independence and PIN after taking into account the possibility that PIN is endogenous. The evidence suggests the existence of a causal link from price informativeness to board structure. To assess the quality of the instruments formally, we also perform a Hansen X 2 -test of instrument orthogonality. This statistic jointly tests the null hypotheses of correct model specification and orthogonality between the instruments and the errors. Our instruments perform adequately in our tests (p-value is 0.12 and 0.87 in the specifications of Columns 3 and 4), indicating that we cannot reject the null hypothesis of instrument suitability. Table 4 Board independence and probability of informed trading: firm fixed effects and lagged explanatory variable.
Estimates of panel regressions of the logistic transformed fraction of independent directors using alternative estimation methods are shown. Columns 1 and 2 present estimates of panel regressions with firm fixed effects. Columns 3 and 4 present estimates of regressions using lagged PIN as the explanatory variable. Refer to 24 In untabulated results, we obtain similar results using analyst coverage, share turnover, or S&P 500 dummy as instruments one at a time. We also obtain consistent results using lagged PIN as an instrument. See Aslan, Easley, Hvidkjaer, and O'Hara (2008) for a discussion of alternative instruments for PIN.
In a final approach to address endogeneity concerns, we estimate simultaneous equations of board independence and PIN using three-stage least squares (3SLS) regressions. We use internal governance variables such as PPS, CEO tenure, and takeover defenses as excluded variables from the PIN equation. Columns 5 and 6 of Table 5 report the 3SLS estimates. The PIN coefficient is negative and significant at the 5% level in the board independence equation. The board independence coefficient is negative in the PIN equation, but insignificant at the 5% level. Thus, the simultaneous equations evidence shows that PIN affects board structure, while there is Table 5 Board independence and probability of informed trading: two-stage least squares and simultaneous equations.
Estimates of panel regressions of the logistic transformed fraction of independent directors using alternative estimation methods are shown. The twostage least squares (2SLS) panel regression uses analyst coverage, share turnover, and S&P 500 dummy as instruments for probability of informed trading (PIN). Columns 1 and 2 present first-stage regression estimates with PIN as the dependent variable. Columns 3 and 4 present second stage regression estimates with the logistic transformed fraction of independent directors as the dependent variable. Columns 5 and 6 present the estimates of a system of simultaneous equations in which the dependent variables are the logistic transformed fraction of independent directors and PIN. Refer to weak evidence that board independence affects PIN. These results should, however, be interpreted with caution, especially because no strong theoretical justifications exist for the instruments for board independence. Our conclusion here is twofold. Omitted variables are unlikely to explain the relation between PIN and board independence: On top of our long list of control variables, firm fixed effects take care of most time-invariant unobserved variables. We also find evidence consistent with a causal effect from price informativeness to board independence, but only weak evidence in the opposite direction.
Alternative measures of price informativeness
Is the empirical relation between board independence and PIN driven by the rate of information flow into stock prices? In this subsection, we use two alternative measures of stock price informativeness. First, we use firm-specific stock return variation, or nonsynchronicity of stock returns (Morck, Yeung, and Yu, 2000) . Second, we use the illiquidity ratio of Amihud (2002) , which is a proxy for the price impact of order flow.
We estimate board independence regressions similar to those in Table 2 . We report the results in Table 6 . Columns 1 and 2 show results for the regressions using the logistic transformation of the annual firm-specific return variation (C) as the measure of price informativeness. We find that the coefficients on C are negative and statistically significant. Thus, board independence is lower in firms whose stock returns are less synchronized with the market.
Columns 3 and 4 in Table 6 present estimates using the annual illiquidity ratio (ILLIQ). ILLIQ is also negatively related to board independence, which supports the Table 6 Board independence and alternative measures of stock price informativeness.
Estimates of ordinary least squares panel regressions of alternative price informativeness measures are shown. Columns 1 and 2 use the logistic transformed relative firm-specific return variation as the explanatory variable. Columns 3 and 4 use the logarithm of the illiquidity measure or price impact measure of Amihud (2002) 11,755 9,196 12,964 8,911 hypothesis that firms with a higher price impact of order flow (perhaps due to private information trading) have less independent boards. The effect of the alternative price informativeness measures on board independence is economically significant if compared with the effects of other important board independence determinants. A one standard deviation increase in firm-specific return variation and illiquidity reduces board independence by roughly 1 and 4 percentage points, respectively. If we perform the same experiment with PPS, we obtain effects of roughly 1 percentage point for increasing PPS by one standard deviation. In sum, the results using alternative proxies of price informativeness confirm our basic finding: Stock market monitoring via prices and board monitoring appear to be substitutes.
Other board structure variables
It is natural to ask whether price informativeness also affects other variables that are likely to be associated with the monitoring intensity of the board. Here we use the number of board meetings and the fraction of directors with low attendance at board meetings as alternative proxies for the monitoring intensity of the board. We also analyze the effect of PIN on board size, although previous research has found that size does not have a one-to-one relation to monitoring intensity and is likely to be influenced by firms' need for board advice (Coles, Daniel, and Naveen, 2008; and Linck, Netter, and Yang, 2008) .
It has been argued that a board that meets more often is likely to be a better monitor (e.g., Vafeas, 1999) . In Table 7 , Columns 1 and 2 present the estimates of Table 7 Other board structure variables and probability of informed trading.
Estimates of ordinary least squares panel regressions of the logarithm of the number of board meetings, the fraction of directors with low board attendance (ratio of directors that attended less than 75% of board or committee meetings by the board size), and the logarithm of board size (number of board members) are shown. Refer to regressions in which the logarithm of the annual number of board meetings is the dependent variable. We find a negative relation between the number of board meetings and PIN. This result is compatible with board monitoring and price informativeness being substitutes. The Securities Exchange Act of 1934 requires corporations to list in their proxy statements the name of each director who attended fewer than 75% of the board meetings and board committees meetings on which they serve. A higher fraction of directors with low attendance at meetings is likely to indicate a low monitoring intensity. Columns 3 and 4 present the estimates of regressions in which the annual fraction of directors with low attendance is the dependent variable. We find a positive relation between less-assiduous boards and PIN. Again, this result is compatible with board monitoring and price informativeness being substitutes.
Finally, Columns 5 and 6 present the outcome of regressions in which the dependent variable is the logarithm of board size. There is evidence of a negative and statistically significant relation between board size and PIN. Most of the other firm-level characteristics enter with their expected signs and are usually consistent with the literature on board structure determinants. It has been argued that larger boards are poor monitors (Jensen, 1993) . However, some also argue that larger boards are more diverse and produce more specialized advice to managers (Coles, Daniel, and Naveen, 2008; and Linck, Netter, and Yang, 2008) . Thus, although the evidence that we find is interesting, it is difficult to interpret. It should also be noted that board size and independence are positively correlated in the sample.
Additional robustness checks
This subsection discusses several additional robustness checks. We check whether our findings are robust to the sample period, to functional form assumptions, and to the inclusion of additional control variables. These results appear in Table 8 . In the specifications of Table 8 we use the same set of control variables as in Column 5 of Table 2 (coefficients not shown).
Column 1 uses the 1996-2001 sample period, not 1990-2001. The 1996-2001 period corresponds to the period for which the IRRC directorship data are available. Therefore, Column 1 uses only IRRC directorship data, not both Compact Disclosure (1990 -1995 ) and IRRC data (1996 -2001 . A potential concern arises because Compact Disclosure classifies each director as either executive or nonexecutive, while IRRC uses a finer definition of independence. Column 2 uses board data from Compact Disclosure for the whole sample period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) as an alternative to the IRRC directorship data.
Column 3 uses the logarithm of board independence, instead of the logistic transformation, as the dependent variable. Column 4 uses the fraction of independent directors (i.e., restricted to [0,1]) as the dependent variable.
Column 5 reports results after controlling for blockholder ownership, considering all types of blockholders instead of institutional investors only. Column 6 reports results after controlling for outside blockholders ownership, not 13F institutional investors only. These blockholder ownership data are taken from Dlugosz, Fahlenbrach, Gompers, and Metrick (2006) and cover the 1996-2001 sample period.
Column 7 presents results that take into account product market competition. Shleifer and Vishny (1997) suggest that product market competition is one of the most effective mechanisms to eliminate managerial inefficiency. We try to capture the competitive structure of an industry by using the industry Herfindahl index, calculated as the sum of squared market shares of all firms in each industry (two-digit SIC) in each year. Industries with lower Herfindahl indices possess more competitive product markets.
Column 8 includes lagged board size as an additional control variable following Boone, Field, Karpoff, and Raheja (2007) and Coles, Daniel, and Naveen (2008) . To control for the potential differences in liquidity and governance requirements between stock exchanges, in Column 9 we include a dummy variable that takes the value of one if a firm is listed on the New York Stock Exchange.
In Columns 1-9, the estimated coefficient on the probability of informed trading remains negative and strongly significant. Our basic result is thus confirmed: Higher rate of information incorporation into stock prices via trading is strongly associated with less board independence or, in other words, with less need for board monitoring.
Others have shown that board structure affects firms' disclosure policy (e.g., Leuz, Triantis, and Wang, 2008 ) and accounting quality (e.g., Petra, 2007) . Columns 10 and 11 present results that control for earnings quality and earnings informativeness. Earnings quality is measured by the annual absolute value of firm-specific residuals from an industry regression of total accruals on lagged, contemporaneous, and leading cash flow from operations (Dechow and Dichev, 2002) . This variable is an inverse index of accounting quality, in that it increases in the magnitude of unexpected accruals. Following Francis and Schipper (1999) and Bushman, Chen, Engel, and Smith (2004) , we measure earnings informativeness by the R 2 of a firm-level regression of 15-month stock returns (ending three months after the end of fiscal year t) on income before extraordinary items (NIBE) in year t and the change in NIBE from year t À 1 to t, scaled by market value at the beginning of year t. Weak evidence exists of a positive association between board independence and earnings quality and informativeness. Most important, the magnitude of the PIN coefficient is not affected by these controls. A different concern with our measure of price informativeness is that PIN is a proxy for extreme stock performance. We find this to be true in our sample. Firms with abnormal stock returns in the bottom and top quintiles have significantly higher PIN than firms with moderate levels of abnormal returns. It could be the case that PIN is simply proxying for extreme stock price performance and that board structure changes as a response to such events. To address this concern, in Column 12 we include as controls two dummy variables: one indicating those firms with past abnormal stock returns below the 20th percentile (Q1) and one indicating those firms with past abnormal stock returns above the 80th percentile (Q5). The evidence that extreme abnormal returns affect board structure directly is weak, while the PIN coefficient is not materially affected.
So far we have treated PIN as a continuous variable. We now take an alternative approach and classify firms as either low PIN or high PIN. Specifically, we define two dummy variables: PIN Q5-Q1 is equal to one for firm-years with PINs above the 80th percentile (Q5) and zero for firm-years with PINs below the 20th percentile (Q1) (observations with intermediate values of PIN are not included in this regression), and a PIN dummy equals one for firm-years above the median and zero otherwise. This procedure tackles some possible measurement errors problems in the PIN variable. Columns 13 and 14 report the results that confirm a negative relation between PIN and board independence. Table 8 Board independence and probability of informed trading: additional robustness checks.
Estimates of panel regressions of the fraction of independent directors are shown. The dependent variable is the logistic transformed fraction of independent directors in all columns, with the exceptions of Column 3, which uses the log fraction of independent directors, and of Column 4, which uses the fraction of independent directors. Column 1 uses the 1996-2001 period. Column 2 uses only board data from Compact Disclosure. Columns 5 and 6 control for blockholders ownership. Column 7 controls for industry concentration using the industry Herfindahl index. Column 8 controls for lagged board size. Column 9 controls for stocks traded in the NYSE. Column 10 controls for the earnings quality measure of Dechow and Dichev (2002) . Column 11 controls for earnings informativeness using the R 2 from a regression of stock returns on income before extraordinary items and changes on income before extraordinary items (scaled by market value of equity). Column 12 controls for extreme abnormal stock return using two dummy variables, one indicating those firms with abnormal stock return below the 20th percentile (Q1) and one indicating those firms with abnormal stock return above the 80th percentile (Q5). Column 13 uses as explanatory variable PIN Q5-Q1 dummy that equals one for firm-years with probability of informed trading (PIN) above the 80th percentile (Q5) and zero for firm-years with PINs below the 20th percentile (Q1 Finally, as alternative procedures to tackle potential problems with outliers and cross-sectional error correlation, we present results using a least-absolute deviation (median) regression (Column 15) and the Fama-MacBeth procedure (Column 16). If anything, outliers seem to reduce the magnitude of the estimated effects.
Conclusion
We theoretically and empirically identify important interactions between internal and external governance mechanisms. We find evidence that stock market monitoring is a substitute for board monitoring. The strength of this relation is influenced by other governance mechanisms such as pay-performance sensitivity and the market for corporate control.
We add a new element to the list of determinants of board structure: price informativeness. We find robust empirical evidence that stock price informativeness is negatively related to board independence. The correlation between price informativeness and board independence is as strong as the ones between board independence and other firm-level variables that have been shown in the literature on corporate boards. Given our long list of control variables and the use of fixed effects methods, it is unlikely that price informativeness is capturing the effects of omitted variables. Ratio of operating income before depreciation minus capital expenditures to total assets (Compustat: (item 13 À item 128)/item 6) Return on assets Ratio of operating income before depreciation to total assets (Compustat: item 13/item 6) CEO pay-performance sensitivity(PPS) Sensitivity of chief executive officer's stock and stock options holdings to changes in shareholder wealth, as a percentage of the number of shares outstanding (ExecuComp) CEO tenure Number of years since the date the director became chief executive officer (ExecuComp) Governance index (GIM) Governance index of Gompers, Ishii, and Metrick (2003) Absolute value of firm-specific residuals from an annual industry regression (two-digit SIC) of total accruals on lagged, contemporaneous, and leading cash flow from operations; variables scaled by total assets Earnings informativeness R 2 of a firm-level regression of 15-month stock returns (ending three months after the end of fiscal year t) on income before extraordinary items (NIBE) in year t and the change in NIBE from year t À 1 to t, scaled by market value of equity at the beginning of year t NYSE dummy Dummy variable that takes the value of one if a firm is listed on the NYSE, and zero otherwise (CRSP) Number of analysts Number of analysts covering a firm (Institutional Brokers' Estimate System) Share turnover Annual number of shares traded divided by the number of shares outstanding (CRSP) S&P 500 dummy Dummy variable that takes the value of one if a firm is a member of the Standard & Poor's 500 index, and zero otherwise (CRSP) Our model delivers many empirical predictions that find support in the data. The negative relation between price informativeness and board monitoring is particularly strong for firms with few takeover defenses, high concentration of institutional shareholders, high payperformance sensitivity in CEO compensation, and low firm-specific knowledge. We conclude that the strength of the substitutability between price informativeness and board independence can be accurately measured only when taking into account the overall governance framework.
Our results suggests that, if stock prices are informative, stock markets are able to perform a monitoring role like the one normally associated with the board of directors. The evidence that more informative prices are associated with a lower degree of board independence, fewer board meetings, low attendance at board meetings, and smaller board size all point in the same direction: Firms with more informative stock prices require less demanding board structures. Our findings suggest that stock price informativeness affects optimal organization design.
